Aim of study: In this study, Anatolian black pine (Pinus nigra) and Turkish red pine (Pinus brutia) seedling production at different ages were planned with linear programming method and maximizing the seedling revenues was aimed.
Introduction
A well-functioning forestry seedling nursery sector is essential for plantation expansion, while seedling production is a critical first step in the timber supply chain (Harrison et al., 2008) . State nursery enterprises have many problems in Turkey such as capacity utilization, facility location, employment, seedling cost and sale price, finance, mechanization, governance and organization (Alkan, 2009 ). Productivity problems are also possible in these enterprises (Alkan, 2003) .
Nursery enterprises are establishments with field and greenhouse plants that produce some plant materials, and they are established in various types according to their marketing goals (Ürgenç, 1999; Boydak & Çalışkan, 2014) . Nursery field is divided into parcels. Afterwards, levelling, drainage and tillage are completed in nurseries. As bare-root seedlings can be produced in nurseries, seedlings can also be produced in tubes or containers by using some mixture of growing medium.
Seedling production in state forest nursery enterprises in Turkey is employed according to annual sowing, rotation and working programs which are organized within five years as a requirement of the planned work. In addition to the fact that nurseries make profit, they oversee other purposes such as serving for the benefit of society, meeting customer needs and desires, and creating employment. On the other hand, they have some problems such as lack of capacity utilization, facility location, and high number of non-value creating activities in production process, unproductivity in value creating activities, quality and cost. Therefore, present situation analysis must be performed and effective factors in management success and necessary precautions with regard to rational criteria in terms of management strategies must be determined in forest nursery enterprises (Alkan, 2003) .
High quality and low cost are the most important criteria in nurseries. There are some costs as labor cost, material cost, machine operation, staff expenses, depreciation, land use prices etc. that enterprises have to endure in order to reach quality targets and carry on sustainability as well (Alkan, 2000; Alkan, 2003) . Thus, it is necessary to reveal and monitor the production costs in nursery and greenhouse enterprises for determining profitable growth conditions (Power et al., 1991) .
In the literature, morphological quality criteria such as seedling height, root collar diameter, seedling height/root collar diameter ratio, and stem/root ratio have been examined and quality classifications have been studied (Genç et al., 1999; Demircioğlu et al., 2004; Atik 2013) . In addition, seedling production techniques, costs and sales incomes have been evaluated (Séhouéto et al., 2015) ; seedling marketing models have been developed and economic analysis have been made (Emokaro et al., 2014) ; working conditions of the nursery staff have been examined (Ünver-Okan & Kaya, 2015) ; analysis of the nursery sector has been made (Gregorio et.al, 2015) ; integer programming has been used in solution of seedling production and distribution problem (Rantala, 2004) .
Though effective and profitable managing of nursery enterprises that constitutes the basis of reforestation efforts is very important, there has not been any study on the optimization of seedling production in the state forest nursery enterprises in Turkey. In the nursery industry, cost-effectiveness has, perhaps for historical reasons, usually been of secondary concern while more attention has been paid to biological issues (Rantala, 2004) .
In this study, applicability of a linear model in rationalization of nurseries is examined. Pinus brutia and Pinus nigra seedlings production at different ages were projected in the study, and maximization of seedling sales revenues was the primary goal. Balanced seedling production in consecutive years and consideration of demand increase or decrease on the Turkish red pine and Anatolian black pine seedling production at any ages were also aimed.
Material and Method
In this study, sales price of the seedlings as of 21.01.2016 ("Seedling Sales Price", 2016 were used in linear programming model as a material (Table 1) . The model was solved in different ways based on different target values and the assumptions used in the model were set up as follows:
• Forest nursery enterprise is willing to produce one, two, three, four and five years old seedlings between 2017 and 2021 years, and to maximize seedling sales revenues.
• Seedlings will be produced in polythene pots or plastic containers in different size such as 15x15 cm, 18x30 cm, 30x40 cm, 40x40 cm. Fields varied in sizes such as 10000 m 2 area for one year old, 20000 m 2 for two years old, 30000 m 2 for three years old and 40000 m 2 for four and five years old seedlings in the nursery.
• It is required to produce at least number of 150000 Turkish red pine and 100000 Anatolian black pine seedlings at one year old.
•
The difference between seedling numbers of Turkish red pine/Anatolian black pine at one, two, three, four and five years old should be maximum ±20%.
• The number of the produced Turkish red pine and Anatolian black pine seedlings at any age in consecutive years should be; a)
1.2-1.5 times more than seedling production amount of previous year at the same age [Rapid demand increase (RDI)], b)
1.0-1.1 times more than seedling production amount of previous year at the same age [Slow demand increase (SDI)], c) 0.85-0.95 times more than seedling production amount of previous year at the same age [Demand decrease (DD)]. . Number of seedling constraints was defined as:
Purpose equation
i B = Number of total Turkish red pine seedling to be produced at "i" age Kastamonu Uni., Orman Fakültesi Dergisi, 2017, 17 
Production flow constraints based on the changes in the level of demand was expressed as follows: a) Rapid demand increase (RDI): 
Results

Models are resolved by using Microsoft
Excel and solution summaries are given in Table 2 , 3 and 4. Obtained purpose equation value (the present value of total sales revenues) is $385310 in RDI scenario. Purpose equation value is 1.73 % less than this value in SDI scenario and 6.49 % less in DD scenario. Also, 905262 piece seedlings are produced between 2017-2021 years in RDI scenario and the seedling production amounts are 1.93 % and 6.79 % less in SDI and DD scenarios respectively.
According to Table 2 , at least 100000 one year old Pinus nigra seedlings production constraint exceeded 19295 units more while at least 150000 one year old Pinus brutia seedling production constraint exceeded at targeted level. The difference between seedling numbers of Pinus brutia/Pinus nigra at one, two, three, four and five years old should be maximum ±20% constraint exceeded -20%. For example, two years old Pinus brutia seedling production amount was 80 % of the production amount of one year old Pinus brutia seedling. Constraint of Pinus brutia and Pinus nigra seedling production amount at any age that should be 1.2-1.5 times more than seedling production amount of previous year at the same age in consecutive years was also provided. For example, according to Table 2, in 2018, 2019 and 2020, Pinus brutia seedling production amount reached to 1.2 times more than the previous year amount and in the last year seedling production amount was reached to 1.5 times more than the previous year. According to Table 3 , at least 100000 one year old Pinus nigra seedlings production constraint exceeded 14101 units more. However, at least 150000 one year old Pinus brutia seedling production constraint exceeded at targeted level. The difference between seedling numbers of Pinus brutia/Pinus nigra at one, two, three, four and five years old should be maximum ±20% constraint exceeded -20% same as in the RDI scenario. Two years old Pinus brutia seedling production amount was 80 % of the production amount of one year old Pinus brutia seedling. Constraint of Pinus brutia and Pinus nigra seedling production amount at any age that should be 1.0-1.1 times more than seedling production amount of previous year at the same age in consecutive years was also provided. As it is seen in Table 3 , in 2018 and 2019, Pinus brutia seedling production amount was provided at the same level with the previous year and in 2020 and 2021, seedling production amount was reached to 1.1 times more than the previous year.
According to Table 4 , at least 100000 one year old Pinus nigra seedlings production constraint exceeded 1007 units more and at least 150000 one year old Pinus brutia seedling production constraint exceeded at targeted level. The difference between seedling numbers of Pinus brutia/Pinus nigra at one, two, three, four and five years old should be maximum ±20% constraint exceeded -20% same as in the the RDI and SDI scenarios. Two years old Pinus brutia Kastamonu Uni., Orman Fakültesi Dergisi, 2017, 17 (2): 247-255 Gül et al. Kastamonu Univ., Journal of Forestry Faculty seedling production amount was 80% production amount of one year old Pinus brutia seedling. Discussion and Conclusion There is still plenty of room for further improvements in controlling supply chain systems, despite the considerable advances that have occurred throughout the years (Sarimveis et al., 2008) . The most important solution approaches for supply chain problems are based on discrete mathematical programming and continuous approximations (Rantala 2004 ). Due to their dynamic and uncertain nature, production and inventory problems can be naturally formulated as dynamic programs. Demand uncertainty is one of the major factors affecting the decision making in production and control (Sarimveis et al., 2008) . The main purpose of the nursery enterprise is to produce the wellrooted, layered, healthy and stabile seedlings in a short period as soon as possible (Saatçioğlu, 1976) . However, conditions that will provide quality seedling production in our country are not fully provided in state forest nurseries (Alkan, 2000) . In countries with high inflation rates, accessibility to macro-level afforestation targets with budgetary conditions is of great importance. It is accepted as hypothetical that the work items related to the seedling production process in each nursery have some method etudes within themselves (İlter et al., 1988) . Rantala (2004) emphasized that according to the developed optimizing model, compared to the company's current supply chain strategy with 5 nursery units producing seedlings, when other supply chain strategies were applied the number of nursery units decreased by 2-4 units, and cost savings in the supply chain varied from 11.3% to 21.3%. Perea-López et al. (2003) compared the behaviour of a supply chain under centralized and decentralized management approaches, and showed that the former yields better results, with profit increases of up to 15%. Boukas and Liu (2001) , investigated a continuous-time inventoryproduction planning problem, where the products deteriorate and their value reduces with time. Chen et al. (2006) formulated the profit-maximization problem as dynamic programming model and showed that the percentage of profit difference between the two policies increases significantly in demand parameters and production unit cost.
By maximization of seedling sales revenues, balancing seedling production in consecutive years and considering demand increase or decrease on Pinus brutia and Pinus nigra seedling production at any ages as given in the methodology, it can be possible to solve production process in nurseries by mathematical models. We have presented that seedling production in nurseries can be planned by using mathematical models like linear programming. By controlling the seedling production amount and process, more effective usage of nursery area can be possible as well. By the way it can be possible to endure nursery costs and reach quality targets more efficiently. This is very important in terms of the sustainability of nursery enterprises.
